INTRODUCTION
Membrane Bio-Reactor (MBR) is the combination of a membrane process like microfiltration or ultrafiltration with a biological wastewater treatment process, the _______________________ Chunqing Li, Huailong Mu, Kai Liang, Tianjin Polytechnic University, Tianjin, China activated sludge process [2] . Membrane Fouling is an important factor that affects MBR development. Therefore, predictive model is established to predict the Membrane Fouling has been an important research direction in MBR simulation. This paper adopts an advanced algorithm to optimize parameters of MBR Membrane Fouling predictive model, it is called Adaptive Simulated Annealing Genetic Algorithm (ASAGA), which combined Simulated Annealing (SA) with Genetic Algorithm (GA). This algorithm remains both the strong global searching ability of GA and the good local searching ability of SA. Calculation shows that, when facing small-sample data, the ASAGA-SVM predictive model of MBR Membrane Fouling matches well and higher predictive precision than SA-SVM predictive model of MBR Membrane Fouling [1] [8] .
PREDICTIVE MODEL OF MBR MEMBRANE FOULING BASED ON ASAGA-SVM
We have used SA to optimize the parameters of MBR Membrane Fouling. The operating pressure, MLSS and total drag of training samples are inputted to the SVM [9] [10], relatively good simulating predicting result can be achieved [1] [3] . But some problems have emerged in the prediction process, universal optimization
is realized by using SA and we find that although the SA can find the global optimal solution, but in practical application process, we must consider the following points: initial temperature and interrupted temperature setting, when to reach the state of thermal equilibrium, whether the process of cooling temperature is reasonable. It is difficult to achieve the above conditions at the same time. In fact, SA has a high probability of accept poor-performing solution so that SA has a very slow convergence speed, its execution time too long, the performance of algorithm is related to the initial value and parameter selection is sensitive.
To solve the above 4 problems and the problems existing in GA-SVM model, we use ASAGA which is a hybrid optimization algorithm to optimize the parameters of model. This algorithm remains both the strong global searching ability of GA and the good local searching ability of SA to form an excellent global optimization algorithm and make the prediction more accurately [4] [6] [7] .
In the following, we will describe the GA in details and improve SA and GA [5] , build predictive models based on ASAGA-SVM MBR Membrane Fouling.
GA
GA are stochastically search and optimization techniques which mimic the natural process of evolution, it provides a fame of resolving complicated system optimization problem and doesn't depend on the specific areas of the problem [5] .
GA consists of 5 parts: generating initial population, genetic encoding, adaptive functions, genetic algorithm and choose the codified strategy:
(1) Generating initial population. It is generated randomly, the concrete production way depends on encoding method and the population size depends on compute power and computational complex it. For example, concrete production way of encoding 0-1 is: randomly generated )
(2) Genetic encoding, it mainly uses binary encoding. Binary encoding changes from the structure of the original problem to bit-string structure of chromosome. Each chromosome can be represented as
(1)
Every element in X is a gene on the chromosomes, it is called place value. n is length of chromosome. The genetic algorithm uses binary to represent a chromosome， e.g.
can be represents a chromosome and its length is 7. The advantage of binary-encoded is calculation of place value is more convenient and disadvantage is the length of binary-encoded is too long so that it is unfavorable to calculate. 
For seeking minimum of objective functions optimization problems, we can
(4) Genetic algorithm. It mainly includes crossover and mutation. The crossover falls into two categories, single-point crossover and multiple crossover. The mutation is change place value of choosing any genes according to mutation probability m p in population. As the code 0-1, it is reverse 1-0. (5) Choose the codified strategy. The most frequently used strategy is that the chances which every select individual make the genetic algorithm equals adaptive value of the selected individual to total of individuals ratio. For individual i, set adaptive value to i F , set population size to NP, so selection probability of individual i can also be expressed:
Then, we use pivoting to calculate.
Rotate NP times altogether. It randomly generated )
, then choose i.
Predictive Model of MBR Membrane Fouling Based On ASAGA-SVM
Overall searching performance of GA is good, SA has better local searching capability and it can jump from local optimization solution, but its convergence rate is slow, so we use a hybrid algorithm which combines SA and GA, it has more strong searching ability, ASAGA, its idea is SA is introduced into the GA. Firstly, creating a group of initial populations randomly, The next generation of new species is generated by GA, such as selection, crossover and mutation, then we can judge whether new species can meet Metropolis of SA. Secondly, individuals in the population have a probability operation of selection; that is, the better individuals in each generation do not carry on the genetic transformation and copy them directly to the next generation. Lastly, the optimized solution is approximate optimal solution. All of the process needs to be iterated until it meets the requirements.
Therefore, we use the ASAGA algorithm to optimize the MBR Membrane Fouling model and optimize the three parameters of SVM again. The Calculating procedures of MBR membrane fouling prediction model based on ASAGA-SVM are as follows:
(1) Ascertain the choice of parameters of MBR Membrane Fouling model, kernel parameter g and penalty factor C, the range of the parameters is [0.001,1000].
(2) Ascertain the length of initial parameters of model and encode it, then generate a group of individuals at random, forming an initial population ） t P( . (3) By calculation of fitness values ) ' (x f of each individual in populations ） t P( , if the result satisfies te optimal condition, the algorithm stops, the result returned is the optimal parameter of model. If not, we are taken directly to Step(4).
(4) Perform the selection operation. At first, we obtain individual selection probability by direct ratio selection strategy, then use roulette to achieve selective operation according to the selected probability.
(5) Perform crossover and mutation operations among the individuals selected in step (4) and then calculate fitness values ) ' (x f . When circumstances are
is fitness function value of parent individual correspondence, k T is current temperature, the scale of  is (0,1).
(6) The solution from
Step (5) is annealing, cooling and iteration of generation. According to the formula as follows:
We selection in the process of cooling and generation iteration, elite selection is carried out simultaneously at the same time, this is, the optimal solution that appears in the parent individual is copied directly to the next generation, replacing the solution with poor fitness in the offspring without genetic mechanisms. 
CALCULATION RESULTS AND ANALYSIS
This research use eighty history data that comes from an industrial wastewater treatment plant of Shijiazhuang, we use 70 data as training data and other 10 as test data. The membrane module is PVDF material production of MOTIMO affiliate to TJPU. The effective use area is 25 square meters, pore size is 25 μm.
The initial parameters setting of ASAGA as follows: crossover probability is From the Figure 2 , we can see the predictive model of MBR Membrane Fouling has preferable predication performance. This model has good learning ability. We can also see the average relative error of the prediction is 0.0263 from Table 1 . Compared to the prediction model of MBR Membrane Fouling based on SA-SVM, we find that the prediction model of MBR Membrane Fouling based on ASAGA-SVM has better prediction results. With the same sample and initial conditions, the average relative error of the SA-SVM model is smaller than that of the SA-SVM model. It shows that ASAGA-SVM has better effect on the parameters of intelligent selection of the model, as shown in Figure 3 .
CONCLUSIONS
Considering SA and GA for separate application in MBR Membrane Fouling prediction have some shortages. This paper considers the performance of algorithm and prediction accuracy at the same time, with this use modified ASAGA to optimize the parameters of predictive model of MBR Membrane Fouling. ASAGA combines the advantages of SA and GA. The result shows that the ASAGA-SVM predictive model of MBR Membrane Fouling matches well than SA-SVM predictive model of MBR Membrane Fouling. The average relative error is 0.0263. In conclusion, when facing small-sample data, the ASAGA-SVM predictive model of MBR Membrane Fouling has higher predictive precision than SA-SVM predictive model of MBR Membrane Fouling.
